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t — |#preliminary  studies  on  a number  of  metal  powders.  The  metals  tnat  were  examined 
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standard  metals  €ind  techniques.  The  basic  process  involves  the  reduction  of  a 
metal  salt  in  an  ethereal  or  hydrocarbon  solvent  under  an  argon  atmosphere.  The 
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t We  recently  discovered  in  our  laboratories  a new  process  for 

[ 

i the  preparation  of  finely  divided  metal  powders.  Using  this 

process  we  have  prepared  and  made  preliminary  studies  on  a number 
of  metal  powders.  The  metals  that  were  examined  were  found  to 
exhibit  far  superior  reactivity  to  that  described  in  the  literature 
for  these  metals  or  to  that  which  we  have  found  in  our  laboratories 
using  the  standard  metals  and  techniques.  It  is  the  preparation  of 
the  highly  reactive  metal  powders  and  a study  of  their  chemistry 
that  this  research  was  aimed  at. 

The  basic  process  involves  the  reduction  of  a metal  salt  in 
an  ethereal  or  hydrocarbon  solvent  under  an  argon  atmosphere.  The 
reduction  appears  to  be  most  conveniently  carried  out  by  using  an 
alkali  metal  and  a solvent  whose  boiling  point  exceeds  the  melting 
point  of  the  alkali  metal.  The  metal  salt  to  be  reduced  must  also 
be  partially  soluble  in  the  solvent.  The  reductions  in  some  cases 
are  very  exothermic  and  generally  are  complete  within  a few  hours. 

In  many  cases,  reduction  times  of  less  than  one  hour  are  required. 

The  reduction  produces  fine  black  powders  of  the  metal  in  question. 

The  properties  of  the  black  metal  powders  are,  in  many  cases,  highly 
dependent  on  the  solvent  used,  the  reducing  agent,  the  anion  of  the 
metal  salt  being  reduced,  the  ratio  of  reducing  agent  such  as  potassium 
to  the  metal  salt  being  reduced,  and  the  temperature  at  which  the 
reduction  is  being  carried  out.  The  reduction  of  the  metal  salt 
generates,  in  addition  to  the  metal,  one  or  more  moles  of  alkali  salt. 

MX„  + nK  ->•  M + nKX 

j It  is  quite  clear  that  the  simultaneous  generation  of  the  alkali  salt 
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is  of  importance  in  producing  a highly  reactive  metal  powder.  Scanning 
electron  microscope  photographs  along  with  elemental  imaging  by  energy 
dispersive  analysis  clearly  show  that  the  black  particles  are  composed 
of  small  crystallites  of  both  the  alkali  salt  and  the  metal.  In 
some  cases,  these  crystallites  are  of  the  order  of  size  of  microns 
and  in  other  cases  even  less.  Thus  it  would  appear  that  one  function 
of  the  alkali  salt  is  to  trap,  in  a certain  sense,  the  small  metal 
crystals  and  prevent  them  from  conglomerating  and  growing  into  larger 
crystals  and  hence  yielding  smaller  total  surface  area.  It  is  also 
possible  that  in  some  cases  the  anions  may  be  absorbed  on  the  metal 
surface  and  help  to  activate  the  metal  towards  oxidative  insertion. 

Using  this  reduction  technique,  we  have  been  able  to  prepare  several 
highly  reactive  main  group  metals. 

The  bulk  of  the  effort  supported  under  this  grant  was  a study 
to  determine  if  highly  reactive  transition  metal  powders  could  be 
prepared  via  this  reduction  procedure.  The  metals  which  were  studied 
were  nickel,  palladium,  cobalt  and  platinum. 

Our  first  efforts  consisted  of  reduction  of  NiCl2.  Nil2  or  PdCl2 
with  potassium  in  THF.  We  obtained  finely  divided  black  powder  of 
the  corresponding  metal.  These  metal  powders  have  shown  high  reactivity 
towards  allyl  halides  and  benzyl  halide.  The  reactions  proceeded 
rapidly  at  room  temperature  and  yielded  the  products  shown  below: 

Ni*  + CH2  = CH  - CH2X  ^ [CH2  = CH  - CH2]2 

: 100% 


Ni*  + QCH2X 


QCH2  - CH2  - Q 

: 100% 


Pd*  + CHo  = CH  - CH-X  X .X 

^ \ P d ^ P d 

\ ' X'  ' 


95% 


We  have  recently  found  that  even  more  reactive  Ni , Pd  and  Pt  can  be 
produced  if  the  reduction  is  carried  out  in  the  presence  of  triethyl 
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or  tri phenyl  phosphine.  Under  these  conditions  the  particle 

size  of  the  metal  is  much  smaller  and  the  metal  is  much  more  reactive. 

For  example,  reduction  of  NiCl2  with  potassium  in  the  presence  of  tri ethyl 
phosphine  yielded  black  nickel  (0)  powders  which  reacted  with  penta- 
f 1 uorobromobenzene  at  -78°C. 

NiCl2  + 2K  + et3p  ^ Ni* 

P(£t)3 

Ni*  + FgCgBr  ->  FgCg  - Ni  - Br 

P(ct)3 

The  known  compound  bis (tri ethyl  phosphine)  pentafluorophenyl  nickel 
bromide  was  isolated  in  60%  yield.  Carrying  out  the  reduction  in  the 
presence  of  triphenyl  phosphine  the  corresponding  triphenyl  phosphine 
complex  was  obtained  in  greater  than  50%  yield.  The  same  reactions 
were  found  to  result  when  Pd  Cl 2 was  reduced. 

PdCl2  + 2K  + et3p  ^ Pd* 

P(et)^ 

Pd*  + CgFgBr  + 2 Et3P  FgCg  - Pd  - Br 

P(et)3 
75%  yield 

Also,  it  was  found  that  the  palladium  metal  powder  would  react  with 
iodobenzene  to  produce  a new  but  somewhat  unstable  complex. 

P(et)3 

I 

Pd*  * 2 etjP  + C5H5I  ->  CjHj  - Pd  - I 

P(et)3 
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Highly  reactive  Pt  powders  have  also  been  produced  by  this  procedure. 
One  reaction  we  have  carried  out  is  the  oxidative  insertion  reaction 
with  chlorobenzene. 

The  nickel,  palladium  and  platinum  slurries  are  much  more  reactive 
than  the  commercial  powders.  There  are  some  indications  that  they 
might  be  more  reactive  than  the  corresponding  metal  slurry  obtained 
from  the  cocondensation  metal  slurry  technique.  For  example,  our  Ni 
slurries  react  rapidly  with  triethyl  phosphite  to  give  high  yields 
(:  70%)  of  (et3P)4  Ni.  We  are  in  the  process  of  exploring  the  full 
synthetic  capabilities  of  these  highly  reactive  metal  powders. 

Cobalt 

We  have  completed  several  experiments  with  cobalt.  Reduction  of 
cobalt  salts  with  potassium  in  THF  produces  a highly  reactive  black 
powder.  The  black  powders  have  been  found  to  undergo  reaction  with 
several  different  alkyl  halides.  It  is  assumed  at  this  point  that 
the  reaction  product  results  from  oxidative  insertion  of  the  Co  into 
the  carbon  halogen  bond.  We  intend  to  fully  characterize  the  reaction 
products  and  study  the  full  extent  of  the  use  of  the  highly  reactive 
cobalt  powders  in  oxidative  insertion  reactions. 


::Lr--?U!a.ir  ' 


r 


6.  LIST  OF  MANUSCRIPTS  SUBMITTED  OR  PUBLISHED  UNDER  ARO  SPONSORSHIP 
DURING  THIS  PERIOD,  INCLUDING  JOURNAL  REFERENCES: 

(a)  "Activated  Metals.  IX.  A New  Reformatsky  Reagent  Involving 

r Activated  Indium  for  the  Preparation  of  6-Hydroxy  Estes," 

I I Li-Chung  Chao  and  R.D.  Rieke,  J.  Org.  Chem.,  40,  2253  (1975). 

(b)  "Activated  Metals.  X.  Direct  Synthesis  of  Diphenyl  indium 
Iodide  and  Ditolyl indium  Iodide  from  Activated  Indium  Metal," 

Li-Chung  Chao  and  R.D.  Rieke,  Syn.  React.  Inorg.  Metal -Org. 

Chem.,  5,  165  (1975). 

(c)  "Activated  Metals.  XI.  An  Improved  Procedure  for  the  Preparation 
of  6-Hydroxy  Esters  Using  Activated  Zinc,"  R.D.  Rieke  and  S.J.  Uhm, 
Synthesis,  452  (1975). 

(d)  "Use  of  Activated  Metals  in  Organic  and  Organometal lie  Synthesis," 

R.D.  Rieke,  Current  Topics  in  Chemistry,  1 (1975). 

(e)  "Preparation  of  Highly  Reactive  Transition  Metal  Powders.  Oxidative 
Insertion  of  Nickel  and  Palladium  Powders  into  Carbon  - Halogen 
Bonds,"  R.D.  Rieke,  W.  Wolf,  N.  Kujundzic  and  A.  Kavaliunas, 

J.  Amer.  Chem.  Soc.,  4159  (1977). 

(f)  "Use  of  Highly  Reactive  Metal  Powders  in  Organic  and  Organometal lie 
Synthesis,"  R.D.  Rieke,  Accounts  of  Chemical  Research,  JO,  0000  (1977). 


(g)  "Preparation  and  Reactions  of  Highly  Reactive  Magnesium  Metal," 
R.D.  Rieke,  S.E.  Bales  and  P.M.  Hudnall,  submitted  to  Organic 
Synthesis. 


R Rando.  Department  ot  Ptwmacology,  Harvard  Medical  School.  Boston, 

Mass 

(28)  Hyt^ogen  removal  has  been  shown  to  be  at  least  partially  rate  determining 
in  8ie  reaction  ol  MAO  with  substrates:  B.  Bellesu  and  J Moran,  Ann.  N.  Y. 
Acaa  Sci.  107.  822  (1963). 

(29)  The  quaternary  salts  10,  11,  and  12  were  prepared  from  the  reaction  ot 
Ota  corresportding  unsatiAaled  bromides  or  mesylate  with  trlmethyt- 
arrWne. 

(30)  Sohjbiliration  ot  10  in  neutral  deuterium  oxide  (2S  *C)  leads  Irrstanlanaousty 
(on  the  NM)  time  scale)  to  exchange  ol  the  terminal,  acetylenic  proton. 

(31)  The  overwhelming  prelerence  lor  removal  ol  propargyl  vs.  allylic  protons 
b In  accord  with  the  much  greater  electron-withdrawing  power  ol  the 
ethynyl  group  than  the  vinyl  group.”"** 

(32)  J.  A.  Landgrebe  and  R H.  Rynbrandl,  J.  Org.  Chem..  31,  2585  (1966). 

(33)  T.  L.  Brown,  Chem.  Rev.,  58,  595  (1958). 

(34)  R.  W.  Talt,  >.,  In  "Steric  Ellects  in  Organic  Chemistry",  M.  S.  Newman. 
Ed..  Wiley,  New  Yorit,  N Y..  1956.  p 619. 

(35)  That  negative  charge  b more  rapidly  generated  at  a site  adjacent  to  a trlpb 
bond  than  at  an  allylic  site  Is  also  known  horn  studies  of  base-catalyzed 
isomerizations  ol  allenes  and  acetylenes:  R.  J.  Bushby.  Ouarl.  Aev.,  24, 
585(1970). 

(36)  (a)  The  strong  prelerence  lor  removal  ol  a propargyl  proton  compared  to 
an  ally!  proton  stands  In  contrast  to  9ie  ease  of  removirtg  the  corresponding 
hyrkogen  atoms.  The  most  recently  determined  value  lor  propargyl  stabl- 
lizalion is 4.8 kcal/mol(R.  Walsh.  Trans.  Faraday  Soc.,  64,  2085(1971)), 
which  » considerably  smaner  tlian  the  comrrtonly  quoted  value  ol  12 
kcal/mol  lor  allylic  stabilization  (P.  Nangia  and  S.  W.  Benson,  J.  Am.  Cham 
Soc..  84,3411(1962)). 

(37)  (a)  G.  M.  Helmkamp,  R.  R.  Rando,  D.  J.  H.  Brock,  and  K.  Bloch,  J.  Biol. 
Cham..  243, 3229  (1968);  (b)  K Blodv  Aec.  C2iom.  Res.,  2, 193  (1969); 
(c)  K.  Bloch,  Enzymes.  3n1^.,  5, 441  (1971);  (d)  R.  H.  Abeles  arvd  C.  T. 
Wabh.  J.  Am  Cham.  Soc.,  95,  6124  (1973);  (a)  R.  C.  Hevey,  J.  Babson. 
A.  I..  Maycocfc.  and  R.  H.  Abates.  «>»..  6125  (1973):  (I)  C.  T.  Walsh.  A. 
Schonbrtam,  O.  Lockridge,  V.  Massey,  and  R.  H.  Abeles,  J.  Biol.  Cham., 
247, 6004  ( 1972);  (g)  F.  H Batzold  and  C.  H.  Robinson.  J.  Am.  Cham.  Soc., 
97, 2537  (1975);  (h)  T.  H.  Cromartie  and  C.  Walsh,  Bioctramisiry,  14,  3482 
(1975):  (i)  R.  H.  Abeles  and  A.  L.  Maycock.  Acc.  Cham.  Has.,  8,  313 

776). 

-xamples  ol  cycloaddition  to  allenes,  see  (a)  W.  T.  Brady,  J.  O.  Stockton, 
A.  O Patel.  J.  Org  Cham..  39,  236  (1974);  (b)  W.  R.  Dotbier.  Jr.,  and 
Dai.  J.  Am.  Cham.  Soc.,  90,  5030  (1968):  (c).  J.  E.  Baldwin  and  R. 

Air^  Fortsch.  Cham.  Forsch.,  19,  281  (1970). 

<3  complete  account  ol  the  ellect  ol  substituents  will  be  published 
n collaboration  with  Or.  A.  Claesson  ol  Uppsala  University,  Faculty  ol 
Pharmacy.  Uppsala.  Sweden,  who  has  kindly  tumished  the  terminally 
methylated  derivatives  ol  4. 

(40)  Ptlvate  communicalioo  from  O.  R.  P.  Halliday,  Norwich  Pharmacal  Co., 
Norwich.  N Y. 

A.  Krantx,*  G.  S.  Lipkowitz 
Depariment  of  Chemisiry,  Slate  University  of  New  York 
Stony  Brook,  New  York  1 1794 
Received  November  15,  1977 


Highly  Reactive  Transition  MeUi  Powders.  Oxidative 
Insertion  of  Nickel,  Palladium,  and  Platinum  Metal 
Powders  into  Aryl-Halide  Bonds 


Wc  have  reported  a new  procedure  for  producing  highly 
reactive  meui  powders.'-^  This  procedure  consists  of  reduction 
of  a metal  salt  from  an  ethereal  or  hydrocarbon  solvent  with 
an  alkali  metal.  The  primary  consideration  is  that  the  metal 
salt  in  question  be  partially  soluble  in  the  solvent  used.  In  most 
cases,  the  alkali  meUl  used  had  a melting  point  lower  than  the 
boiling  point  of  the  solvent;^  however,  this  is  not  necessary  in 
all  cases.  In  this  paper  we  wish  to  report  that,  using  a modifi- 
cation of  this  approach,  highly  reactive  transition  metal  slurries 
can  be  prepared.  Nickel,  palladium,  and  platinum  produced 
by  this  method  are  found  to  undergo  oxidative  insertion  into 
C-X  bonds  and  in  some  cases  at  relatively  low  tempera- 
tures. 

Oxidative  addition  of  RX  to  transition  meuls  has  been  ob- 
served using  the  meui  atom  or  meui  vaporization  approach 
of  Skell.’-*  Klabunde  has  reported  that  nickel  and  palladium, 
when  cocondensed  with  aryl  halides,  readily  undergo  oxidative 
insertion  into  the  carbon-halogen  bond.^"*  Cocondensation 
of  nickel  or  palladium  with  penufluorobromobenzene  and 
triethylphosphine  gave  good  yields  of  the  bromopenufluoro- 
bi${triethylpho5phine)meUl  complex.  The  corresponding  to- 
IblMM  rcacUflo  of  common  commercial  nickel  powders  or 


palladium  powders  with  aryl  halides  has  not  been  observed  due 
to  the  poor  reactivity  of  these  and  most  other  transition  metals 
toward  oxidative  addition. 

Initially  we  tried  the  standard  approach  of  reduction  of  Nilj, 
NiBrj,  or  NiCl2  with  potassium  in  refluxing  THF.  Finely  di- 
vided black  nickel  powders  were  obtained;  however,  they 
showed  rather  limited  reactivity  toward  oxidative  insertion  into 
carbon-halogen  bonds.  Similar  results  were  found  with  pal- 
ladium. 

We  have  demonstrated  with  several  of  the  main  group  ele- 
ments that  the  reactivity  of  the  resulting  metal  is  highly  de- 
pendent on  such  factors  as  the  solvent,  reducing  agent,  anion, 
or  in  the  case  of  some  metals  the  presence  of  additional  alkali 
salts. In  the  case  of  the  transition  metals  to  be  discussed 
in  this  paper,  the  presence  of  a triaryl-  or  trialkylphosphine 
during  the  reduction  yields  a highly  reactive  metal  slurry. 
When  triethylphosphine  is  added  to  Nilj  in  THF,  the  well 
known  and  highly  soluble  diiodobis(triethylphosphinc)nick- 
el(II)  complex  is  formed.  Addition  of  2 mol  of  potassium  to  this 
mixture,  and  then  heating  at  reflux,  yields  a very  fine  black 
metal  slurry  of  nickel.  The  reduction  time  is  very  dependent 
upon  the  type  of  phosphine  used.  For  example,  when  trielhyl- 
phosphine  or  triphenylphosphine  were  used  the  reduction  times 
were  approximately  20  and  2 h,  respectively. 

The  particle  size  of  the  black  powder  is  much  smaller  than 
that  resulting  from  the  standard  procedure  without  the  pres- 
ence of  the  triethylphosphine.  Elemental  imaging  of  the  black 
nickel  powder  using  energy  dispersive  analysis  at  a magnifi- 
cation of  5000  indicated  that  the  distribution  of  nickel,  po- 
tassium, and  iodide  is  essentially  random.  When  the  reduction 
is  completed,  the  precipitated  KI  is  obtained  in  almost  quan- 
titative yields.  These  facts,  coupled  with  the  fact  that  the  black 
metal  slurry  docs  not  flash  when  added  to  water,  strongly  in- 
dicates that  no  potassium  remains  after  the  reduction  and  that 
the  black  slurry  contains  considerable  nickel  (0). 

Not  only  is  the  particle  size  smaller  when  the  reduction  is 
carried  out  in  the  presence  of  the  triethylphosphine  but  the 
reactivity  of  the  metal  toward  oxidative  additions  is  greatly 
enhanced.  Upon  the  addition  of  pentafluorobromobenzene  to 
the  black  nickel  slurry  produced’*  in  the  presence  of  triethyl- 
phosphine, a rapid  reaction  occurred  yielding  bromopenta- 
nuorophenylbis(triethylphosphine)nickcl(lI)  in  60%  yield. 


Ni  + 2EtJP  + C,F,Br  — ► C»F,.NiBr 


Triphenylphosphine  seems  to  have  a similar  effect.  In  fact, 
nickel  slurries  produced  by  reducing  Nil2  in  the  presence  of 
triphenylphosphine  arc  more  reactive  than  those  generated 
with  the  triethylphosphine  procedure.  Addition  of  pentafluo- 
robromobenzene to  the  black  nickel  slurry  at  —78  “C  resulted 
in  an  almost  immediate  reaction.  Workup  of  the  reaction 
yielded  46%  of  the  bromopentafluorophcnylbisftriphenyl- 
phosphine)nickel(ll).  Thus,  the  nickel  generated  by  this 
method  appears  to  be  more  reactive  but  the  yield  of  the  oxi- 
dative addition  product  was  slightly  less.  These  two  sets  of 
experiments  suggest  that  the  reaction  was  not  occurring  via 
oxidative  addition  of  the  tetrakis(triethylphosphine)nickel(0) 
or  the  tetrakis(triphenylphosphine)nickef(0)  complexes. 
Parshall'^  and  others’’  have  shown  that  the  tetrakisftriphen- 
ylphosphine)nickel(O)  complex  is  less  reactive  than  the 
tetrakis(triethylphosphine)nickel(0)  complex  in  oxidative 
additions  into  aryl-halogen  bonds.  In  several  cases,  reaction 
of  the  tetrakis(triphenylphosphinc)nickel(0)  complex  with  aryl 
halides  often  requires  several  hours  of  refluxing.  Titus,  it  would 


- appcjr  lhal  viiih  these  highly  reactive  black  slurries  reaction 
is  occurring  mainly  at  the  metal  surface.'* 

One  additional  reaction  lhal  we  carried  out  which  further 
demonstrates  the  high  reactivity  of  the  nickel  slurry  is  with 
trietbyl  phosphite.  The  highly  reactive  nickel  jwwder  was 
generated  in  the  presence  of  triphenylphosphine;  to  this  mix- 
ture, Iriethyl  phosphite  was  added  at  —78  “C.  After  10  min. 
the  mixture  was  warmed  to  room  temperature  and  stirred  for 
I h.  Workup  of  the  reaction  mixture  yielded  ov'er  40%  of  the 
Ietrakis(triethylphosphite)nickcl(0)  complex.'* 

The  procedure  is  readily  applied  to  other  transition  met- 
als. 

The  reduction  of  PdClj  with  potassium  in  the  presence  of 
Ifiethylphosphine  in  THF  yields  a highly  reactive  black  pal- 
ladium slurry.  Addition  of  pentafluorobromobenzene  to  the 
metal  slurry  produces  a rapid  reaction.'*  After  I h the  reaction 
was  worked  up,  yielding  76%  of  the  bromopentafluoro- 
ph’enylbis(triethylphosphine)palladium(lIi,'’'^°  Addition  of 
iodobenzenc  to  the  palladium  slurry  at  root?  temperature  for 
1 h produced  the  new  complex  iodophenyJbis(triethyIphos- 
phine)palladium(ll)  in  52%  yield.'* 
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I 

Pd  + 2Et,P  + eViJ  — C^sPdl 


C*F  jBf  (4  0 was  slowly  a(Jded  SlHnng  was  ^TVilnta^ned  lo»  Iha^idlhen 
the  feaction  was  worked  up  Yields  are  based  upon  NiCI^ 

(12)  G W Parshall.  J Am  C/tem  Soc . 96,  2360(1974) 

(13)  L Cassar  and  A Giarrusso.  Ga//  Ch$m  ttsl . 103,  793  (1973) 

(14)  Typical  quanfilies  are  PdClj  (1  22  g).  El5P<1  63  g),  and  K (0  53  g)and  were 
mixed  with  2$  mL  of  THF.  The  mivlure  was  refluxed  for  20  h yielding  the 
bUcA  metal  «K#Ty  The  sliary  was  cooled  to  **76  *C  andCaF^Br  (1  7 g)  was 
added  Ahar  1 h.  the  reaction  was  warmed  up  to  room  iemperB^xjre  and 
worked  up  ^Yields  are  based  upon  PdCly. 

(15)  All  kr>own  corrkplexes  had  Identical  melting  point,  end  NMR  data  with 
published  results. 

(16)  The  new  ctmplex  had  the  correct  IR.  NMR.  and  analysis  data. 

(17)  Alfred  P.  SlOQn  Fellow,  author  to  whom  correspondence  should  be  sent, 
at  North  Dakota  State  University. 

(18)  In  preliminary  studies,  the  nickel  powders  have  proven  to  be  a good  hy- 
drogenation catalyst.  Other  catalytic  studies  with  these  metals  are  urtder- 
way. 

(19)  Attempts  to  find  any  tetrakis(triethyiphasphrne)nlckel(0)  or  tris(lr)ethy)- 
phosph)r>e)n)ckel(0)  complexes  m reaction  mlxtiae  have  fall^  How- 
ever. It  Is  clear  tl^t  part  of  the  nickel  is  In  the  form  of  Ni(lt)  or  Ni(l)  conv 
poufkds. 

(20)  Up  to  30%  of  the  oxidative  Irksertlon  products  may  be  resultirtg  from  soluble 
Pd  complexes.  These  complexes  may  include  the  tetrakls(triethylphos- 
phlf>e)Pd(0)  and  tris(triethylphosphine)Pd(0)  complexes. 
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The  reaction  has  been  extended  to  unr'eactive  halides.  The 
exceptionally  high  reactivity  of  the  slurries  produced  by  this 
procedure  is  exemplified  by  the  reaction  of  the  palladium  slurry 
with  chlorobenzene  to  give  the  chlorophenylbisftricthylphos- 
phine)palladium(n)  in  54%  yield  based  on  the  palladium  ha- 
iide  used. 

In  a similar  manner,  highly  reactive  platinum  slurries  can 
be  prepared  by  reduction  of  platinum  halides  in  the  presence 
of  phosphines.  The  addition  of  pentafluorobromobenzene  to 
the  platinum  slurry  yielded  the  known  /rans-bromopcntaflu- 
orophenylbis(triethylphosphine)platinum(lI)  in  40%  yield, 
based  on  the  platinum  halide  used.  The  reaction  has  been  ex- 
tended to  other  aryl  halides. 

In  addition  to  Ni,  Pd,  and  Pt.  we  have  obtained  preliminary 
evidence  that  reactive  meul  powders  of  Co,  Fe,  and  Cr  can  be 
generated  by  this  procedure. 

The  ability  to  generate  highly  reactive  transition  metal 
slurries  with  very  simple  apparatus  will  be  of  extensive  value 
to  synthetic  inorganic,  organic,  and  organometaJlic  chemistry. 
We  will  report  in  the  near  future  on  additional  chemistry  of 
the  nickel,  palladium,  and  platinum  slurries  as  well  as  the  other 
transition  metals  mentioned. 
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Stereochemistry  in  Trivalent  Nitrogen  Compounds.  32. 
Torsional  Barriers  in  Trinilrobenzenesulfenamides' 

Sir. 

■ Sulfenamides^  exhibit  substantial  barriers  to  torsion  about 
the  sulfur-nitrogen  formal  single  bond.^  The  barriers  arc 
greatly  increase  when  the  substituent  at  the  sulfcnyl  sulfur 
atom  is  electron  withdrawing.  The  linear  free  energy  correla- 
tion for  a series  of  para-substituted  bcnzenesulfenamides^ 
afforded  a Hammett  reaction  constant  of  —2  and  a comparison 
of  the  effect  of.meta  and  para  substituents  in  the  same  system 
indicated  that  the  effect  was  due  to  "throughresonance”  of  the 
aromatic  r-system  with  an  orbital  on  sulfur.  As  a result  of  this 
polar  effect,  the  barriers  in  2,4-dinitrobcnzenesulfcnamidcs 
were  the  highest  which  had  yet  been  observed  for  torsion  about 
N-S  formal  single  bonds.  It  was  of  interest  to  examine  the 
previously  uilknown  2,4,6-trinitrobcnzenesulfenamid(».  If  the 
barrier  to  stereomutation  were  raised  by  the  third  nifro  group 
by  an  amount  comparable  to  the  effect  of  the  first  two,  the 
sulfenamide  configurational  unit  would  have  sufficient  stere- 
ostability in, some  instances  to  permit  isolation  at  room  tem- 
perature of  configuratively  stable  stereoisomers. 

We  now  report  the  synthesis  of  a number  of  representative 
2.4,6-trinitrotenzenesulfenamidcs  whose  barriers  arjf  in  sharp 
variance  wKh  the  high  barriers  expected.  Instead,  the  barrieri 
are  considerably  lower  than  those  in  the ‘corresponding  dini- 
trobenzcnesulfenyl  derivatives  and  are  not  much  greater  than 
the  benzenesulfenyl  analogues.  Two  examples  serve  to  illus- 
trate this  point.  TTie  barrier  in  N./V-diisopropyl-2,4,6-trini- 
Irobcnzehesulfenamide,  2b,  17.6  kcal/mol,  is  significantly 
lower  than  that  in  Ib,  20.6  kcal/mol,  and  only  somewhat  higher 
than  that  in  Af.Af-diisopropyIbcnzcnesulfenamidc,  M.3  kcal/ 
mol.  The  sulfenylsulfonamide  2a  provides  a mofc  dramatic 
example.  Figure  I illustrates  the  change  in  bai^riers  in  this 
compound  and  four  related  compounds  as  a function  of  the 
number  of  nitro  irouiw  in  the  ben/enesulfenvl  residue.  As  in- 


